The preparation of research and technology development (RTD) programs calls for the analysis of prospective technological advances and the consideration of 'lessons learned' from earlier programs. In this paper, we report experiences from a pilot project in which an internet-based survey and five participatory workshops were organised in conjunction with a Finnish RTD program in telecommunications. At these workshops, leading representatives from industry and the research community were invited to report their experiences from a concluding RTD program and to address future research needs, whereby they were assisted by a group support system (GSS). The workshop process was well received, which suggests that the preparation of RTD efforts can benefit from the deployment of GSS tools in support of face-to-face discussions. To our knowledge, this is the first account on GSS use in the foresight context. 
Introduction
Industrial competitiveness is increasingly dependent on the creation and diffusion of scientific and technological knowledge [1] . Also, it is now widely perceived that public funding for science and technology (S&T) needs to contribute to the wellbeing of society at large, which has motivated S&T policies that incorporate 'demand-pull' considerations by deriving research challenges from an examination of societal problems, (for instance [2] [3] [4] ). Indeed, the realisation that S&T policies are becoming increasingly important has created a growing demand for instruments of strategic intelligence that support the shaping of these policies [4] [5] [6] .
From the viewpoint of S&T policy making, technology foresight is an instrument of strategic intelligence, which contributes to a greater awareness of S&T-based opportunities and suggests measures for how these opportunities can be best seized. Specifically, Irvine and Martin [7] have defined it as "... an attempt to look into the longer-term future of science, technology, and economy and society with the aim of identifying the areas of strategic research and the emerging generic technologies likely to yield the greatest economic and social benefit." [7] Although this definition emphasises the identification of strategic priorities, an examination of recent national exercises reveals that foresight often involves other objectives as well, such as stimulation of networking for the purpose of 'wiring-up' the innovation system [8] [9] [10] [11] [12] . The benefits of technology foresight have often been attributed to the process involved in the pursuit of the five 'Cs', i.e.:
1 concentration on the longer term, which directs attention to opportunities that can be seized through persistent action 2 improved coordination between the stakeholders' visions, intentions and actions;
3 consensus on those technologies that seem particularly promising 4 communication about societal needs and S&T-based opportunities 5 commitment to the implementation of policy measures suggested by the foresight exercise [10, 11] .
The realisation of these Cs calls for collaboration and close interaction among researchers, industrialists, policy makers and even members of the general public.
In an international perspective, technology foresight has proliferated over the past 15 years, even through the first national foresight exercise was carried out in Japan in early 1972. To date, the majority of OECD countries have completed national foresight exercises, and countries such as France, Germany, and the UK have already carried out several exercises. Methodologically, these exercises have exhibited very diverse approaches. At the qualitative end of the spectrum, for example, open-ended panel discussions have placed few constraints on what topics may be raised or how the participants' viewpoints are assessed. On the other hand, formal methods such as Delphi and multicriteria decision analysis have provided more structured frameworks for synthesising expert judgements about prospective innovations [13] . At present, advanced information and communication technologies (ICTs) are seen to hold considerable potential in terms of expediting foresight processes. It is expected, for instance, that the internet will make it possible to consult a larger number of experts, to speed up the analysis of responses, and to tailor questions to the respondent's fields of expertise. However, experiences from such uses of ICTs in the foresight context have not yet been reported [14] .
While much of the foresight literature is concerned with national exercises, technology foresight can play an important role in other contexts, too (see, e.g., [15] ). It can contribute, for example, to the shaping of regional policies, the development of technology strategies for industrial sectors, and the design of targeted policy instruments, such as publicly funded research and technology development (RTD) programs in which participants from universities, research institutes and industry carry out joint research projects. In particular, this kind of embedded foresight holds considerable potential in RTD programs where the participants develop and shape technologies within an existing organisational framework [16] .
In this paper, we consider the potential of advanced ICTs in the implementation of foresight processes and, more generally, in the generation of strategic intelligence for the shaping of S&T policies. Our discussion is based on the results of an exploratory research project which we carried out in conjunction with a Finnish RTD program on telecommunication technologies. Specifically, we invited the program participants to share their experiences from the telecommunication program (which was nearing its completion at the time) and to consider prospective challenges that were relevant to the next RTD program. At this juncture, we employed advanced ICTs:
1 to carry out an internet-based survey on selected technological, economic and societal trends 2 to support a series of five workshops in which the program participants could contribute to the planning of the next RTD program.
From the viewpoint of methodology, the workshops were novel in that they were assisted by a group support system (GSS) which consisted of networked laptop computers. To our knowledge, this is the first account of the deployment of a GSS in the context of technology foresight. The rest of this paper is structured as follows. Section 2 describes the position of the National Technology Agency and its RTD programs in the Finnish innovation system. Section 3 considers relationships between technology foresight and other instruments of strategic intelligence (most notably evaluation and technology assessment) which also support S&T policy making. Section 4 describes the workshops and the associated ICT infrastructure. Section 5 presents results from the workshop evaluation, and Section 6 draws tentative conclusions for the management of RTD programs and the use of participatory approaches in S&T policy making.
National technology programs
For the purposes of this paper, it is instructive to consider relationships between the public institutions that take part in the shaping and implementation of technology policy in Finland. At the highest level of governmental policy making, the Science and Technology Policy Council sets the overall direction for S&T policy and outlines the main elements of this policy in a triannual report. The Ministry of Trade and Industry is responsible for the government of technology policy in which a central element is the provision of public funding to applied RTD efforts at universities, research institutions and companies. This funding is allocated on a competitive basis by Tekes (i.e., the National Technology Agency) which was established in 1983 in order to promote technological competitiveness as a means of contributing to economic progress and societal wellbeing. In 1999, Tekes' funding appropriations were almost USD 400 million, about one third of all public RTD funding in Finland. Each year, Tekes and the Ministry of Trade and Industry carry out negotiations in which specific targets for Tekes are set.
The national technology programs of Tekes are highly strategic instruments which promote applied technological research in areas that are deemed critical for technological and industrial competitiveness. Typically, these programs last three or four years, and they promote collaborative research efforts by funding RTD efforts in which several organisations take part in joint RTD projects. Depending on the project, Tekes funds about 30-90% of costs, whereby projects with a greater share of basic research receive a higher proportion of public support. In 1999, about half of Tekes funding was channelled through technology programs, while the rest was allocated to independent projects outside programs. Over the years, the number of technology programs has grown: thus, while there were fewer than 20 programs in the late 1980s, more than 50 programs were running in 2000.
It is noteworthy that Tekes' RTD programs are not planned at the ministry level. Rather, Tekes has been relatively autonomous in the preparation of RTD programs, even though these programs are approved by the board of Tekes which has representatives from the Ministry of Trade and Industry, companies, and trade unions, among others. This institutional feature -the planning and implementation of national RTD programs at the agency level -may, in part, explain why foresight activities at the higher levels of policy making have been less extensive in Finland than in many other countries: i.e., because prospective activities (e.g., workshops, background studies) have taken place in technology programs, these programs have, to some extent, served objectives that are commonly associated with national foresight exercises (i.e., the five Cs). This situation can be contrasted with the situation in other countries (e.g., Ireland, the UK) where research priorities and associated research funds have been defined as a result of national foresight exercises (as opposed to prospective analyses within S&T policy instruments) (see [17] ).
Although the Finnish telecommunications industry has grown rapidly since the mid1980s (aided, in part, by early technology programs on information technologies), it was only in 1997 that the first national technology program with a specific focus on telecommunications was established. The rationale for this program -Telecommunication -Creating a Global Village (TLX) 1997-2000 -was based on the realisation that more research was required to support the technological competitiveness of Finnish industry and to raise the number of researchers who were being trained to meet the increasing demand for skilled personnel. In this setting, the TLX program (subsequently referred to as the 'telecommunications program') became one of the largest ever. In July 2001, the program contained more than 130 projects, the combined funding volume of which exceeded USD 100 million.
In terms of its management structure, the telecommunication program was organised by establishing five theme areas based on a technological division: For each theme area, a steering group of some half a dozen experts was appointed. Apart from fulfilling their managerial tasks, these steering groups were active in many other ways as well. For example, they developed vision statements on technological trends and organised numerous workshops and seminars [16, 18] .
At the shift from a closing telecommunication program to the next one, Tekes found it appropriate to evaluate past experiences, to examine prospective technological opportunities, and to set an agenda for further RTD activities. Indeed, even though our exploratory project was carried out in connection with one program only, we believe our approach and results are of broader interest. On one hand, this is because the Finnish innovation system is one of the most advanced in the world, as evidenced, for instance, by the world's highest technology achievement index [19] and a very high percentage (70%) of innovating companies that cooperate with other firms, universities and public research institutes [20] . On the other hand, the dynamics of the telecommunication industry -which is characterised by competing de facto standards, shifting strategic alliances, and converging technological domains -puts high demands on the content and quality of foresight processes. For instance, rapid technological advances imply that the relevant planning horizons are shorter than in most other industries, which makes it imperative to monitor alternative development paths (see [16] ).
Complementary roles of decision support
Our research project was motivated by the hypothesis that the utilisation of advanced ICTs in the analysis of earlier experiences and prospective technological challenges would make a worthwhile contribution to the preparation of the next RTD program. As a result of this new RTD program, Tekes had a real demand for such a project while our earlier work on group support systems (GSS) and the mid-term evaluation of the telecommunications program had allowed us to develop the requisite competencies [18] . In particular, the research agenda was motivated from the following arguments:
1 Recent research has pointed out synergies between program evaluation, technology assessment and technology foresight. In effect, these instruments fulfil complementary roles in an encompassing system for distributed intelligence where aspects of each instrument can be combined to serve specific decision contexts (see, e.g., [6] ).
such as the ICTs in monitoring patients' health. Also, because a large share of funding decisions are taken at the outset of an RTD program, it is crucial that foresight processes are carried out early on, preferably before the program is formally launched. 4 The results of the mid-term evaluation of the telecommunication program indicated a need to strengthen the role of the five theme areas in providing strategic intelligence to the program [18] . This led us to conjecture that the program participants would be prepared to engage in activities which would pave the way for later collaboration and allow them to share ideas on how the next RTD program should be organised.
5 Finally, the introduction of a group support system (GSS) was motivated by research results on the beneficial impacts of GSS use in contexts such as project appraisal and new product development. At best, GSS deployment has increased the quality of information, shortened the time needed to reach a decision and increased the participants' satisfaction with and commitment to the outcome, (see [22] [23] [24] [25] ). In our case, the GSS deployment had several novel contextual, processual, and technological characteristics, such as:
• the foresight setting at the juncture of two RTD programs
• the combination of distributed and participatory modes of analysis
• exploitation of open internet access in the workshops.
Taken together, the above arguments motivated us to organise a series of participatory workshops which combined elements of an ex post evaluation with prospective analysis of technological, economic and societal trends. The workshops were preceded by an internet-based questionnaire survey which contained questions on individual projects as well as topics describing a wide range of technological developments. Results from this distributed mode of analysis (where the respondents were not in contact with each other) provided an important input to the workshops. In general, the benefit of distributed modes of consultation (e.g., questionnaire studies, face-to-face interviews, responses to Calls for Proposals) is that the program participants can present their plans in assurance that their plans are not revealed to potential competitors. Such consultations, however, are deficient in that they do not encourage interaction among the participants and do not allow them to forge new contacts. Participatory approaches are therefore an important complement to distributed modes of consultation, as they allow the participants to put forth diverging viewpoints on technology trends and to debate what challenges these trends pose for RTD activities. A debate of this kind is likely to help them reach a better understanding of how an RTD program can best support such activities.
More specifically, Table 1 presents the two dimensions that guided the design of our project. The axis evaluative-prospective refers to the extent to which the questions were concerned with the past (i.e., evaluative) or the future (i.e., prospective). The axis distributed-participatory, on the other hand, indicates whether information was generated and refined in 1) a distributed mode where the respondents were not in contact with each other (i.e., a questionnaire study) or in 2) a participatory mode where they could share and debate their viewpoints (i.e., workshops). Specifically, the role of the questionnaire study was to solicit information through evaluative and prospective questions, while the participatory workshops were needed to validate and disseminate the results and to produce recommendations. Towards this end, the workshops provided opportunities for the sharing of experiences (e.g., project presentations), informal debate (e.g., validation of the questionnaire study) and exploration of preferences (e.g., viewpoints on alternative program measures). Briefly put, it would have been very difficult (if not impossible) to produce meaningful recommendations on the basis of the questionnaire study alone; on the other hand, the workshops would probably not have been very successful, if they had not benefited from the results of this study. 
Definition
Group Support Systems (GSS) refer to a multi-user computer environment that is designed to support collaborative work. Typically, GSSs are used in electronic brainstorming sessions where they may provide facilities for anonymous or simultaneous commenting, among other things (q.v., e.g., [26] [27] [28] ). Group Decision Support Systems (GDSS), on the other hand, are GSSs which provide tools to aid decision making, such as decision analytic models and voting facilities. Despite this slight difference, the two concepts are often used interchangeably because many GSSs support decision making as well. In this paper, we refer to our system as a GSS.
In general, the purpose of a GSS is to increase the group's performance in accomplishing its task. This performance can be measured along dimensions such as efficiency (e.g., time and effort needed to reach an outcome), outcome quality (e.g., ex post accuracy of the outcome, if measurable), process quality (e.g., consideration of inputs from all participants), satisfaction, and consensus [29] . The successful application of a GSS is contingent on the fit between task and technology (see [30] ) and on group characteristics such as homogeneity and size [31] . Most GSS meetings are assisted by facilitators, whose role is either to manage the process of social interaction (i.e. process facilitation) or to provide technical assistance to group members who are not familiar with the support technology (i.e. technical facilitation). By doing so, the facilitators seek to enhance the performance of the GSS-assisted group [32, 33] .
The definition of the GSS concept subsumes practically all kinds of computerised group support. There are three key dimensions of GSS technology, however, which can be identified. They are 1 communication support 2 process structuring 3 information processing [30] .
Specifically, communication support refers to the system's ability to enhance or bring new elements to communication (e.g., ability to provide simultaneous or anonymous inputs). Process structuring refers to aspects of GSS technology that support, enhance, or define the process through which the group interacts (e.g., agenda structuring and enforcement). Finally, information processing refers to GSS capabilities in the gathering, sharing, aggregation, structuring and evaluation of information (e.g., examination of participants' preferences). In general, the use of advanced support tools is considered to improve the efficiency of the group [34] , although many factors (e.g., task, group, technology, facilitation, context, etc.) may change from one group setting to the next and affect how the technology is used. Actual group performance is a result of a complex interaction of all these factors, whereby advanced support tools are not a guarantee for a successful application. In fact, the introduction of an advanced GSS may favour those who are most confident with the GSS technology. It may also divert the participants' attention from the workshop agenda to problems of using the technology.
Although a considerable amount of GSS research has been carried out with student groups, there are far fewer reports on the application of GSS in real settings [22] . We had, however, the opportunity to explore GSS use with participants from the telecommunications program (most of whom were leading experts in their field) and to make preliminary observations about the potential of the GSS in this very real context. Our objective was to design a GSS which would support the communication and information processing tasks in technology foresight, including the soliciting of anonymous feedback from the participating experts and the aggregation of their viewpoints on selected technological, economic and societal trends. The GSS was designed so that it allowed users to vote on options (e.g., alternative program measures for enhancing the effectiveness of the next RTD program). Apart from the viability of GSS support as such, we were also interested in the impacts of GSS deployment.
ICT infrastructure
A drawback of permanently located GSS facilities is that the participants must travel to attend meetings in such facilities [29] . We therefore decided to establish a portable GSS which allowed us to organise the workshops on the premises of Tekes, the funding agency. The choice of location was important for underlining that the workshops were endorsed by Tekes. The fact that all workshops were attended by its technology experts also served to highlight the interest that Tekes had in them.
The GSS hardware consisted of seven small and quiet laptop computers which did not interfere with face-to-face discussions. This was important, because large monitors, for instance, might have obstructed informal interaction among the participants. The laptop computers were connected to a wireless local area network (WLAN) which eliminated the use of cabling while offering a high transmission speed (up to 10 Mbps) to all participants. This network -which was very much in line with the telecommunications theme of the workshops -aroused plenty of interest among the participants. The workshops were also supported by a video projector which made it possible to show presentations on a large screen from any of the networked laptop computers.
GSS software
Because none of the commercially available GSSs met our requirements, we built the GSS software platform from two collaboration tools: The voting tool, on the other hand, offered features to solicit anonymous feedback and examine of voting results for different sets of selected respondents. Both tools relied on the high-speed internet access which was available to the participants throughout the workshops.
Internet survey
Before the workshops, an internet-based questionnaire study was carried out to obtain evaluative information about the telecommunications program and to solicit program participants' views on selected technological, economic and societal trends. The survey was carried out on the internet, because it was felt that this would make it easier to reach the respondents, to disseminate the survey results and, more generally, to demonstrate the possibilities of internet-based studies at large. It was hoped that most projects would fill in the questionnaire; however, only 30 of 118 projects did so. This rather low response rate was partly due to timing, because it was difficult to reach the right contact persons during the summer months. The survey contained a total of 49 questions in six sections. The first four sections contained questions on the project's technological positioning (structured under a hierarchical classification of about 60 technologies), as well as questions on objectives, milestones, and anticipated impacts. These questions made it possible to collect information about the likely impacts of the program and made a comparison on some dimensions (e.g., attainment of objectives). However, most of the workshop discussions were devoted to the last two sections of the survey, wherefore we cover these two sections in more detail.
The fifth section contained five sets of questions which served as a starting point for prospective workshop discussions. Specifically, the questions in this section were concerned with:
1 changes in the Finnish innovation environment 2 emergence of markets for internet-based value added services 3 consumer requirements in third generation mobile terminals 4 expected realisation dates for selected prospective innovations 5 analysis of potential threats to the telecommunications industry.
In the first set of questions, the innovation environment was characterised by 11 dimensions (e.g., education, basic research, availability of public RTD funding, access to venture capital, state of market development). For each dimension, the respondents were asked to compare Finland with other leading telecommunications countries and to indicate how this dimension had developed during the telecommunications program. The responses revealed, for instance, that the most significant improvement over the three year period had taken place with regard to the availability of venture capital.
In the second set of questions, the respondents were asked to specify which sector of the economy would offer most internet-based value-added services in 2005. That is, they were asked to choose the three most important sectors among eight options (e.g., culture and entertainment, financial services, travel and tourism, healthcare). In the third set of questions, the respondents considered which product attributes would matter most to the average user of a third generation mobile terminal. Here, the respondents rated attributes (e.g., size, brand name, usability, availability of services, cost of use and price of terminal) on a five point scale which ranged from 'not important at all' to 'very important'. The results suggested, for instance, that usability would be the most important product attribute, followed by cost of use and availability of services.
In the fourth set of questions, the respondents estimated when selected events would be realised on a discrete time scale which extended from 2002 through 2010 to 'never'. The eight events included statements such as 'one third of mobile terminals have speech recognition capabilities', '70% of households will be connected to the internet', '25% of groceries will be purchased over the internet', for example. In contrast to standard Delphi studies (where only the mean and 25% and 75% fractiles are shown), the full distribution of responses was shown to the workshop participants, whereby the analysis of responses sometimes sparked off lively debate.
In the fifth set of questions, the respondents were asked to assess what threats selected unfavourable developments would pose to the Finnish telecommunications industry (e.g., breaches in e-business information security; decline in the valuation of high-technology stocks; rapid price erosion of products; harmful health impacts of mobile telephony; set-backs in telecom operators' international business operations). Each potential threat was assessed on a five point scale ranging from 'not significant at all' (1) to 'very significant' (5) . As an interesting example, responses from research projects pointed to significant risks of information security (average over 4.0), while such risks were deemed much less significant by industrial projects (average 2.6).
In the sixth section of the survey, the respondents considered to what extent different measures should be promoted in the next RTD program (e.g., organisation of seminars and workshops; invitation to leading telecommunication experts to Finland; systematic build-up of new research areas; increase in public RTD funding; improved access to venture capital, etc.). The replies were elicited using a five-point Likert-scale ranging from 'no need at all' (1) to 'much more' (5). This section was also completed in the workshops by using the online voting tool.
Taken together, the questions spanned a broad set of topics which were of common interest to the program participants. The questions were purposely phrased in different ways (e.g., both ratings and rankings), which made the questionnaire and the visualisation of responses more interesting. Unlike in Delphi studies, the respondents were not asked to assess their level of expertise for each question. This was because: 1 all respondents had some knowledge about the questions (i.e., the study was directed at the participants of the telecommunications program) 2 the length of the questionnaire could not be increased 3 the questionnaire study served only the purpose of supporting workshop discussions (i.e., it was not a final deliverable in itself).
Workshops

Participants and agenda
A half-day workshop was held for each of the five theme areas in the telecommunications program. Participation was voluntary, which was one of the reasons why the number of participants varied from one workshop to the next. Apart from three facilitators, there were five other participants in the two first workshops, nine in the third workshop and 11 in the last two workshops. These participants included the responsible technology expert from Tekes, the program coordinator, the chairman of the theme area steering group and several project managers. Each workshop lasted about three and a half hours. We attempted to introduce the GSS non-intrusively so that the participants would not be compelled to use the technology as an ill-fitting substitute for natural face-to-face conversation; thus, its use was largely voluntary. A brief introduction to the GSS was made at the start of the workshops. The participants were informed that they could use the GSS for submitting questions and comments during the presentations as well. The rest of the workshop agenda was as follows:
1 Project presentations. The participating projects used about 20-25 minutes each to describe their research objectives, research activities, technological and commercial results, plans for further work, and experiences from the telecommunications program. Many projects also made suggestions for the next program. Here, the GSS was used for presenting the projects which had prepared material in electronic format, while others relied on transparencies. In each workshop, about half the presentations were in electronic format.
2 Internet survey. About half an hour was given to the presentation of results from the internet-based survey that had been carried out during the two months before the workshops (see Section 4.4). This presentation was followed by a general discussion of commercial and technological trends as well as changes in the innovation environment.
3 Industry scan. A technology expert from Tekes used half an hour to present the results from a so-called industry scan in which more 40 industrial representatives had been interviewed. The purpose of this scan was to chart industrial needs as an input to the preparation of the next RTD program. This presentation also drew on the results from a preliminary Call for Proposals in response to which more than 100 project proposals had been submitted by research groups at universities and research institutes. At the workshops, the participants were invited to comment on the focal research areas which emerged from the industry scan and the preliminary Call for Proposals. Thus, this presentation was motivated by the need to validate the results of the industry scan.
4 Vote on policy measures. The participants were given 15 minutes for submitting a vote on 19 measures that were relevant to the preparation of the next program. These measures were the same as the sixth section of the internet-based survey. The results of the vote were immediately presented to the participants.
5 General discussion. The remaining time at the workshops was devoted to a general discussion in which the participants could raise any issues that they deemed relevant.
Workshop facilitation
The workshops were facilitated by three individuals. The process facilitator was responsible for moderating group interaction. He ensured that the agenda was being followed, and that the participants had ample opportunities to pose and address questions. Two further facilitators acted as technical facilitators. Their role was to train the participants in using the GSS and to help them in situations where they were not fully at ease with the GSS. The technical facilitators also developed a full audit trail of the workshops for later analysis. Facilitation measures were enhanced between workshops on the basis of initial observations, such as participants' hesitation in adopting the GSS. Technical instructions were improved and alternative ways of using the GSS were discovered and demonstrated to the participants. Possibilities for submitting questions during the presentations, for instance, were illustrated to the participants, which led to more active use of the GSS. Table 2 gives an overview of facilitation measures and their effects on spontaneous GSS use (i.e., GSS adoption which was not explicitly required by the facilitators). It was of interest to note that the participants also used the GSS in ways that were not explicitly suggested to them. The two examples below illustrate some of these uses:
1 In response to a question about how their research unit was linked to other organisations, the director of a large research institute seized the opportunity and gave an instructive presentation of their institute by using the GSS to display the relevant web pages on the internet. Thus, he could easily highlight what types of organisational structures they had established to meet the expectations of their collaborators. He was also able to discuss some of the research themes in more detail than would otherwise have been possible.
In short, the richness of GSS capabilities involves both advantages and disadvantages. On one hand, encouraging the participants to adopt the technology freely may reveal novel uses of the GSS. On the other hand, such uses need to be curtailed to ensure that the workshops remain focused on their intended agenda.
Workshop evaluation
At the end of the workshops, the participants were requested to fill in a questionnaire in which they were asked to evaluate the workshops and to suggest improvements they thought were called for. The questions were formulated using a Likert scale with the following five options: Due to the small number of respondents, the results are only indicative of the participants' experiences and do not warrant far-reaching conclusions.
Responses to the first four questions indicate that project presentations were useful and informative (see Table 1 ), and practically all respondents felt that project presentations are needed in RTD programs. In particular, the respondents found that the projects share enough common challenges so that they can learn from each other despite their differences. There were more project presentations in the fourth and fifth workshops, which is the likely explanation for the declining average for the question on the sufficiency of time (1d). Table 3 Evaluation of project presentations The internet-based questionnaire study had been filled in by about half of the workshop participants, and it was evaluated by these participants only (see Table 4 ). Most respondents found that the questionnaire was relatively easy to fill in, but they held different views on how relevant the questions were to projects. One plausible explanation for this is that many questions were concerned with program level issues, which may not have been viewed as relevant to the individual projects. Although the survey contained 186 questions (including sub-questions; there were 49 question topics divided into six sections), only a minority of the respondents felt it was too long. The workshop participants found that the results of the questionnaire study were interesting; however, in the two last workshops there was not enough time to discuss these results, because a larger share of time was consumed by project presentations. The impact of the GSS in enhancing project presentations was not very significant (see Table 5 ). This was because the extensive use of the video projector eliminated the need to follow presentations on the screens of the laptop computers. On the other hand, the online vote on program level measures and associated solicitation of anonymous feedback did support valuable insights, even if it was conducted partly as a demonstration of the GSS capabilities.
The GSS was easy to use in all except the last workshop (see the mean of 3d). This result is not easy to interpret, because the last workshop was held in a different room where fewer participants had access to a laptop of their own and where the technical facilitators could not really move about. However, since more intensive use of the GSS was made in this workshop, it may be that results from the first four workshops reflect, to some extent, the respondents' views on how easy the GSS would be, rather than their actual experiences with spontaneous use. This interpretation seems to be aligned with the result that participants in workshops 1-4 felt that there was enough time for using the GSS, while those at the last workshop did not quite agree with this (see the mean of 3e). Overall, the participants found the GSS to be a promising concept. The most positive responses were obtained from the third workshop where detailed technical instructions were introduced. The results are, in fact, surprisingly positive as the formally required uses of the GSS were limited to the vote on program level measures and the solicitation of anonymous feedback. The communication support tools (e.g., electronic commenting) afforded by the GSS were not as effective as face-to-face discussion, partly because the workshops were not attended by more than a dozen participants. The responses may therefore give an overly optimistic picture, which may be driven by the charm of novelty (q.v. [26] ). Arguably, only continued and extensive GSS use, coupled with careful measurement of performance impacts, will reveal the true potential of the GSS. According to the respondents, the workshop objectives were clear (see Table 6 ), although there was more variability in responses from the last two workshops where the agenda was covered more quickly to leave more time to project presentations. On the positive side, the workshops were invariably regarded as a useful experience. The participants were also pleased with the amount of time that they had for general discussion even though the scores for the two last workshops were, again, somewhat lower. One of the benefits of workshop discussions was that the participants could address some specific circumstances which will influence future innovations. For instance, when looking at the results of the questionnaire study (see Section 4.4), the participants made observations about the enabling preconditions (e.g., built infrastructures for the home delivery of groceries), and they also gave examples of new value added services (e.g., administration of examinations in distance learning). Likewise, in considering alternative measures for the next RTD program (e.g., invitation to leading international scholars), they put forth suggestions as to how such measures should be implemented (e.g., on what terms these scholars should be invited). More generally, this suggests that participatory workshops are useful in deriving concrete action proposals from questionnaire studies which, by necessity, will have to be formulated in relatively general terms.
The workshops contributed to the preparation of the new telecommunications program on Future Networks which was launched in June 2001. This four year program has a total funding volume of more than USD 100 million, out of which the share of Tekes funding is more than 40%. The focal areas of the new program are: 1 architectures and technologies for mobile systems 2 packet-switched broadband networks 3 novel service concepts and applications.
These areas were defined through a consultative process in which the participatory workshops helped validate early results (i.e., questionnaire study, industry scan) and drew attention to common challenges (e.g., information security, international activities). Moreover, because technology experts from Tekes had attended these workshops, they could build on the workshop discussions in preparing the new program.
Discussion
Since intensity of interaction is one of the key determinants of the impact and perceived success of foresight processes (see, e.g., [14] ), we make tentative remarks on the factors that are likely to contribute to such interaction in participatory workshops. We then expand our discussion to other settings where GSS deployment may support the design of S&T policy instruments.
Intensity of group interaction. The following group characteristics appeared to correlate with the intensity of interaction:
1 Groups which contained industrial managers or research directors engaged in a much livelier discussion about program level measures and technological opportunities than groups with fewer senior representatives. To some extent, this was because the workshop agenda presumed a fairly good understanding of the telecommunications program and the technological landscape at large. For further workshops, this implies that the presence of senior representatives should be ensured and that junior representatives need to be informed about those program level issues with which they are not familiar.
2 There was more interaction in the workshops where the project presentations addressed technological issues that were shared by several participants (e.g., the fifth workshop on topics in information security). Conversely, such interaction was less intensive in workshops where there was relatively little technological overlap between projects. Thus, it may be possible to enhance workshop interaction by ensuring that the group members share enough common ground (e.g., by identifying and inviting projects where participants are likely to be interested in each others' work). This should not, however, lead to an unduly narrow focus since a sufficiently wide range of issues would have to be covered in trying to expose new technological, economic and social opportunities and to explore interfaces between different technologies. There is, in effect, a need to attain a balance between the homogeneity vs. heterogeneity of the participants.
Unequivocal content of information. In terms of content, the information presented at the workshops should be structured and presented in such a format that the participants can either concur or disagree with it. Presentations of general trends may be difficult to relate to unless they contain explicit details (e.g., forecasts) or structural dependencies (e.g., cause-and-effect relationships). Here, the deployment of GSS-based methodological support, such as online votes on program-level measures, are useful in that they help aggregate the participants' viewpoints and stimulate subsequent discussions. Facilitation. Careful facilitation is needed to support interaction in workshops where most of the participants do not know each other before coming to the workshop. To support the development of trust and group identity, it may be advisable not to steer the discussions too stronghandedly, but, rather, to allow the participants to raise any issues that they consider relevant. Once a sense of group identity has developed, more proactive facilitation may be called for, for instance, by directing explicit attention to controversial issues or by inviting the group to perform collaborative tasks.
Mandate. Even though the five exploratory workshops were organised in conjunction with the telecommunications program, they were an independent exercise organised by an outside research organisation rather than the funding agency. This may have reduced the participants' motivation to provide some of the requested inputs (e.g., internet-based survey), because they were not quite sure how these inputs would be used by the funding agency. For continued work, therefore, it is important to organise workshops in a setting where the participants clearly understand how such workshops are perceived and harnessed by all the sponsoring agencies.
Overall, our exploratory project suggests that GSS-assisted workshops are a viable concept which can support evaluative analyses and foresight processes in connection with RTD programs. We conjecture that the deployment of GSSs may be helpful in other related settings as well:
1 Appraisal of project proposals: in the participatory workshops, no attempt was made to rank the projects which gave presentations on their results. This notwithstanding, a GSS can be readily used to apply multicriteria methods and other structured frameworks to assess project proposals during the early phases of the program (see, e.g., [35] ).
2 Interactive foresight processes: Delphi studies are typically carried out by sending a questionnaire to experts whose responses are collected and analysed before each new round. With the help of a GSS, Delphi studies can be conducted over the internet or, alternatively, in the presence of the contributing experts to whom the results can be shown without any delay. This offers new possibilities for foresight processes, because it provides the benefits of rigorous methodology while eliminating delays between consecutive rounds of consultation.
3 Design of program level measures: at the five workshops, the participants submitted a vote on alternative program level measures which had been selected for this purpose. However, GSS tools for idea generation and structuring can be used to design, elaborate and evaluate new measures: for instance, international collaboration in an RTD program can be enhanced through different measures (e.g., visits to foreign research centres, seminars by international scholars, development of incentive schemes), which in turn raises questions as to how such measures should be implemented.
Conclusion
We have described participatory workshops in which an internet-based group support system (GSS) was used to assist in the evaluation of an RTD program, the analysis of selected technology trends and the preparation of a new RTD program. In these workshops, the GSS was employed for the elicitation and sharing of viewpoints on program-level measures, among other things. Based on experiences from these workshops, we have sought to identify factors which seem to contribute to the perceived worth of such workshops, including: In general, the participants were pleased with the workshops. To our knowledge, this is the first account of GSS deployment in the foresight context. It has been suggested that advanced information and communication technologies can be harnessed to expedite Delphi-like processes in technology foresight [14] . An important result of our work is that these technologies are in fact a promising platform for the administration of questionnaire studies and the completion of collaborative tasks in foresight processes. For example, a GSS can shorten delays between consecutive Delphirounds and make it possible to solicit anonymous inputs for incorporation in forecasting and prioritisation models. Indeed, encouraged by the positive evaluation results, we believe that GSS-assisted participatory workshops can be helpful in providing strategic intelligence for S&T policy making.
